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Abstract Adult romantic attachment styles reﬂect ways
of relating in close relationships and are associated with
depression and negative emotionality. We estimated the
extent to which dimensions of romantic attachment and
negative emotionality share genetic or environmental risk
factors in 1,237 middle-aged men in the Vietnam Era Twin
Study of Aging (VETSA). A common genetic factor lar-
gely explained the covariance between attachment-related
anxiety, attachment-related avoidance, depressive symp-
toms, and two measures of negative emotionality: Stress-
Reaction (anxiety), and Alienation. Multivariate results
supported genetic and environmental differences in
attachment. Attachment-related anxiety and attachment-
related avoidance were each inﬂuenced by additional
genetic factors not shared with other measures; the genetic
correlation between the attachment measure-speciﬁc
genetic factors was 0.41, indicating some, but not complete
overlap of genetic factors. Genetically informative longi-
tudinal studies on attachment relationship dimensions can
help to illuminate the role of relationship-based risk factors
in healthy aging.
Keywords Adult attachment  Depression  Neuroticism 
Negative emotionality  Personality  Twin studies 
VETSA  Experiences in Close Relationships Inventory
Introduction
Insecure attachment relationships are thought to cause psy-
chological distress, such as feelings of depression or anxiety
(Bowlby 1982; Schaie and Zuo 2000; Seeman et al. 2001).
People who express abandonment fears and worry about the
reliabilityofothersintimesofneedareconsideredtobehigh
in anxious attachment, while emotional detachment or
wariness about relying on another person characterizes
avoidant attachment (Brennan et al. 1998). For adults,
positive attachment relationships with an intimate partner
appear to be psychologically and physically beneﬁcial
(Hazan and Shaver 1987; Mikulincer and Shaver 2007;
Shaver et al. 1988). Depression, neuroticism, and relation-
ship difﬁculties have shared risk factors in men (Kendler
et al. 2006a, b). In this study, we examine the role of genetic
and environmental inﬂuences on associations among
dimensions of adult attachment, depressive symptoms and
manifestationsofnegativeemotionalityinmiddleagedmen.
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DOI 10.1007/s10519-010-9428-zFew twin studies examine the extent of genetic inﬂu-
ences on adult romantic attachment, possibly because
theory emphasizes the role of the family environment in
shaping attachment style (Bowlby 1982, 1988). In three
adult samples, the magnitude of genetic inﬂuences on
indicators of anxious romantic attachment was low to
moderate (25–46%) (Brussoni et al. 2000; Crawford et al.
2007a, b; Donnellan et al. 2008; Torgersen et al. 2007).
Brussoni et al. (2000) studied 116 monozygotic (MZ) and
104 dizygotic (DZ) same sex twin pairs (ages 16–79) who
were categorized into four attachment styles based on cut-
off scores on the Relationship Scales Questionnaire (Grifﬁn
and Bartholomew 1994) a self-report measure of adult
attachment (Brussoni et al. 2000). Strongest additive
genetic inﬂuences were found for anxious (fearful)
attachment (43%); unique environmental inﬂuences—that
is, life experiences not shared by the twins—accounted for
the remaining variance (57%). An environmental model
was the best ﬁtting model for dismissive/avoidant attach-
ment: common environmental inﬂuences accounted for
29% of the variance and unique environment the rest
(71%). This sample was predominantly female. Using
continuous measures of attachment from the same sample,
Crawford et al. (2007a, b), found no genetic inﬂuences on
attachment-related avoidance. Consistent with the earlier
categorical approach, common environmental inﬂuences
accounted for 30% of the variance and unique environ-
mental inﬂuences accounted for the remaining variance
(Crawford et al. 2007a, b). Attachment-related anxiety and
attachment-related avoidance were correlated 0.29.
Donnellan et al. (2008), however, reported moderate
heritability for a continuous measure of attachment-related
avoidance, with genetic inﬂuences accounting for 39% of
the phenotypic variance in a sample of predominantly col-
lege age female twins (Donnellan et al. 2008). Finally, there
was higher concordance for secure versus nonsecure
attachment style among monozygotic (MZ) compared with
dizygotic (DZ) twins in a study using an interview approach
to assessing attachment (Torgersen et al. 2007). Heritability
accounted for 46% of the variance, common environment
36%,andnonshared18%.Theseresultswerenotsigniﬁcant,
however, possibly because the small sample was small
(N = 41 pairs), the interview was not exclusively focused
onadultromanticattachmentorbecauseallofthenonsecure
styleswerecollapsedintoasinglestyle.Collapsingdifferent
forms of nonsecure attachment into a single measure may
obscure distinctions among dimensions of attachment. In
summary, research consistently ﬁnds that both heredity and
nonshared environment contribute to anxious attachment
style in adulthood but the role of genes and environment are
less clear for avoidant styles of adult attachment.
Measures of adult attachment-related anxiety and
attachment-related avoidance, depressive symptoms, and
characteristics reﬂecting negative emotionality (e.g., neu-
roticism, dysregulated emotionality, anxious personality)
have strong phenotypic correlations (Bifulco et al. 2002a,
b; Crawford et al. 2007a, b; Mikulincer and Shaver 2007;
Noftle and Shaver 2006). Genetic and environmental
overlap between measures of attachment and measures
reﬂecting negative emotionality was examined in two adult
twin samples. Donnellan et al. (2008) found signiﬁcant
genetic correlations (Rg) between attachment-related anx-
iety and neuroticism (Rg = 0.35) as well as small genetic
overlap between attachment-related avoidance and neu-
roticism (Rg = 0.11). Crawford et al. found that shared
genetic inﬂuences explained much of the phenotypic
association (mean genetic correlation = 0.75) between
attachment-related anxiety and personality disorder
dimensions reﬂecting emotional dysregulation. Unique
environmental correlations were lower (ranging from 0.18
to 0.37), suggesting that although emotional dysregulation
and attachment-related anxiety share genetic risk, different
environmental factors inﬂuence each characteristic. Since
there were virtually no signiﬁcant genetic inﬂuences on
attachment-related avoidance and no common environ-
mental inﬂuences on the personality disorder measures,
overlap between these measures was primarily accounted
for by unshared environmental inﬂuences. Neither twin
study examined the association between depressive symp-
toms and attachment.
More attention has been given to the study of genetic
and environmental inﬂuences on depressive symptoms and
measures reﬂecting negative emotionality. In men, genetic
correlations between measures of depressive symptoms and
neuroticism range from 0.37 to 0.99 depending on whether
patient or non-patient samples are used, and the type of
instrument (Fanous et al. 2007; Hettema et al. 2006;
Kendler et al. 1987a, b; Middeldorp et al. 2005). In general,
it appears that a non-speciﬁc ‘‘genetic-distress’’ factor
explains the shared covariance between depression and
anxiety in a normal population. In essence, the same genes
that inﬂuenced depressive symptoms also inﬂuenced anx-
iety symptoms; however, environmental factors inﬂuencing
depressive symptoms do not appear to affect symptoms of
anxiety and vice versa (Kendler et al. 1987a, b; Middeldorp
et al. 2008). Depressive symptoms and neuroticism both
are moderately heritable. The contribution of genetic
inﬂuences on adult depression symptoms ranges from 16 to
37% (Kendler et al. 2006a, b; Lyons et al. 1998). The
heritability estimates of the personality trait of neuroticism/
negative emotionality (variously deﬁned) range from 30 to
60% and may be higher in men than in women (Eaves et al.
1998; Hettema et al. 2004; Jang et al. 1996; Kendler et al.
2006a, b). Understanding the etiology of depression and
related disorders during aging may be illuminated by
estimation of genetic and environmental effects shared
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123between depressive symptoms and commonly used mea-
sures of adult romantic attachment (O’Connor et al. 2000).
Prior twin studies of adult attachment have been limited
in their applicability to older adults (Shaver and Mikulincer
2004). Participants in previous studies were predominantly
young adult women (Brussoni et al. 2000; Crawford et al.
2007a, b; Donnellan et al. 2008; Torgersen et al. 2007),
whichmakesgeneralizationstoolderadults,especiallymen,
difﬁcult. In addition, studies used different measures of
attachment and some even collapse anxious and avoidant
attachment into a single measure. Similarly, other studies
use conglomerate measures of neuroticism which differ in
composition from study to study. If there are distinct genetic
and/or environmental inﬂuences that characterize different
attachment dimensions (e.g., anxious vs. avoidant)—or
different manifestations of negative emotionality—that
information is likely obscured by composite measures.
Our goal was to extend the literature on romantic
attachment by using a twin study to examine how and why
dimensions of attachment-related anxiety and avoidance
are associated with depressive symptoms and other mani-
festations of negative emotionality in middle aged men.
We used a multivariate twin approach to examine the
structure of the genetic and environmental covariance of
these related measures. This approach allows us to examine
whether: (a) dimensions of attachment-related anxiety and
avoidance have common genetic and environmental
underpinnings or are etiologically distinct, and (b) the
extent to which dimensions of attachment can be distin-
guished from measures of psychological distress.
Method
Participants
We recruited Vietnam Era Twin Study of Aging (VETSA)
participants from 3322 twin pairs who participated in a
previous epidemiologic study (Tsuang et al. 2001). The
VETSA study focuses on genetic and environmental
inﬂuences on cognitive aging; measures of adult romantic
attachment, depressive symptoms and personality were
included as risk and preventive factors important in aging
(Kremen et al. 2006). Both members of a twin pair had to
agree to participate and had to be between ages 51 and 60
(mean age = 55.4; SD 2.47). The majority of participants
(68%) did not serve in combat or in Vietnam (Eisen et al.
1987).
Procedures and materials
Participants completed questionnaires at home and brought
them to the University of California, San Diego or Boston
University on the testing day (99% return rate). Institu-
tional Review Board approval was obtained at all sites; all
participants provided written informed consent.
We assessed dimensions of romantic attachment with
the Experiences in Close Relationships Inventory (ECRI;
Brennan et al. 1998). The 36 item ECRI yields two 18 item
subscales (attachment-related anxiety and attachment-
related avoidance: a[0.90) with established validity in
numerous college and adult samples (Brennan et al. 1998;
Mikulincer and Shaver 2007). Responses ranged from one
(strongly disagree) to seven (strongly agree). High scores
on the attachment anxiety dimension indicate intense
worries about separation and fear of abandonment by an
intimate partner (e.g., ‘‘I get frustrated if romantic partners
are not available when I need them’’). High scores on the
attachment avoidance dimension suggest distancing from
emotional connections (e.g., ‘‘I prefer not to show a partner
how I feel deep down’’). The attachment-related avoidance
and anxiety subscales are continuous dimensions rather
than discrete attachment types (Fraley and Waller 1998).
We assessed depressive symptoms with the Center for
Epidemiologic Studies Depression Scale (CES-D; Radloff
1977). The CES-D comprises 20 items concerning the
frequency of speciﬁc moods and behaviors during the past
week; it has good reliability (a[0.92) and is highly cor-
related with indicators of major depression (Rush et al.
2000).
Negative emotionality measures included the Stress-
Reaction and Alienation subscales from Tellegen’s Multi-
dimensional Personality Questionnaire factor-form NZ; the
NZ version is considered to be very similar to the Brief
Form (Caspi 2000; Caspi et al. 1997; Krueger et al. 2000;
Patrick et al. 2002). Persons high in Stress-Reaction tend to
be nervous, prone to worry, and easily upset (14 items;
a = 0.86). Persons high on Alienation (17 items; a = 0.86)
report feeling unfairly treated, or taken advantage of by
others. Validity of the psychometric properties of the MPQ
is well documented (Krueger et al. 2000; Patrick et al.
2002; Tellegen 1985). Log transformations were used to
improve the approximation to normality for all ﬁve
variables.
Zygosity was determined using a combination of DNA
testing (examination of 25 satellite markers), questionnaire
and blood group methods; there was 95% agreement
between the DNA and questionnaire methods (Eisen et al.
1989; Nichols and Bilbro 1966).
Multivariate statistical analysis methods
A series of structural equation models were tested to
determine the structure of the genetic and environmental
covariance of the ﬁve measures (as implemented in Mx
1.66) (Neale et al. 2002). Optimization of the data used full
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123information maximum likelihood to estimate model
parameters. The use of maximum likelihood to measure
model ﬁt allows for testing of speciﬁc hypotheses by
comparing a model and nested submodels using the chi-
square statistic. Model ﬁt using an unstructured model that
allowed each variance and covariance to take its own value
in MZ and DZ twins (i.e., a fully saturated model) was
tested against a full Cholesky model where these statistics
are assumed to be equal (see Table 3, Models 1 and 2).
Since there were no signiﬁcant differences between the
unstructured model and the Cholesky, subsequent sub-
models were compared to the full Cholesky. In addition to
model ﬁt, model parsimony was assessed using Akaike’s
Information Criterion (AIC) and Bayesian Information
Criterion (BIC) for each submodel (Akaike 1987; Schwarz
1978). The AIC is a statistic that balances both goodness-
of-ﬁt and parsimony; the BIC reﬂects how efﬁciently the
parameterized model predicts the data and penalizes overly
complex models. Submodels with smaller AIC and BIC
values are preferred. The full Cholesky model factors the
phenotypic variance/covariance into components of vari-
ance and covariance due to additive genetic (A) effects,
common or shared environmental effects (C) and nonsh-
ared environmental effects (E). This model has the same
number of independent factors as the number of variables
in the model.
Alternate models were tested to recapture the observed
genetic and environmental covariance structure produced
in the Cholesky model. For each of the A, C, and E com-
ponents, we systematically compared the ﬁt of Cholesky
(Ch), Common Factor (F), and Measure-Speciﬁc (S) mod-
els. Figure 1 displays an example of a Common Factor
model for the genetic inﬂuences in this study. Figure 2
displays an example of a Cholesky decomposition for the
environmental factors in this study.
Results
Descriptive statistics
Questionnaire data were available from 1,226 of the 1,237
participants (336 MZ pairs; 277 DZ pairs). Most men were
married (80%) and worked full time (Table 1); 6% had
never married. When sample demographics are compared
with census ﬁgures, this sample appears representative of
its age group of American men (Franz et al. in press).
The sample had relatively low scores on attachment-
related anxiety and avoidance dimensions, few depressive
symptoms on the CES-D, and low levels of Stress-Reaction
and Alienation (Table 2). Depressive symptom scores for
the sample were comparable to other community based
Anxious 
Attachment
Alienation Avoidant 
Attachment
Depression Stress
Reaction
Ac
.57
(.50, .65)
.25
(.15, .34)
.42
(.34, .50)
.66
(.58, .74)
.46
(.38, .54)
As2 As3 As4 As5
.44
(.33, .53)
As1
.41
(.14, .63)
.46
(.34, .53)
.26
(.00, .38)
.40
(.30, .48)
.27
(.08, .37)
Fig. 1 Standardized parameter estimates for genetic factors. Model
depicting relationships among genetic factors based on best ﬁtting
model (Model 10): a common genetic factor plus speciﬁc factors, with
additional parameter accounting for the commonality between the
attachment measures. CI Conﬁdence intervals; Ac common genetic
factor; As1–As5 speciﬁc genetic factors. Rectangles represent the ﬁve
measures in this study; paths are represented as lines with arrows
between circles (common and speciﬁc genetic factors) and rectangles,
standardized parameter estimates and conﬁdence intervals are beside
each path. Parameter estimates designated by path coefﬁcients are
equivalent to factor loadings for each measured variable on the
underlying latent factor (paths between Ac and rectangles). In
addition, this ﬁgure also shows measure-speciﬁc inﬂuences (param-
eter estimates beside paths between As1, As2, As3, As4, and As5) and
rectangles. These speciﬁc factors account variation in each measure
above and beyond what is accounted for by the common latent factor,
but do not contribute to covariance among measures. All paths, except
As4, are signiﬁcant
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123non-patient samples (Radloff 1977). We found signiﬁcant
phenotypic correlations among all ﬁve measures (Table 2)
ranging from r = 0.61, p\0.0001 (CES-D and Stress-
Reaction) to r = 0.27, p\0.001 (avoidant attachment and
Stress-Reaction). Attachment-related anxiety and avoid-
ance were correlated 0.42 (p\0.0001).
Cross-twin, cross-trait correlations
Table 3 shows the cross-trait, cross-twin correlations for the
ﬁve measures. As expected, given the similarity among the
measures, most of the correlations are signiﬁcant. Within-
twin correlations are roughly comparable for MZ and DZ
twins; for instance, the association between CES-D symp-
tomsandanxiousattachmentis0.45and0.40fortheMZand
DZ ‘‘A’’ twins respectively. Examination of the pattern of
cross-twin, cross-trait and within-trait correlations shows
that associations for the MZ twin pairs are consistently
somewhat stronger than those for DZ twins. The pattern of
correlations suggests there are genetic inﬂuences on the
measures and genetic overlap between the measures. For
example, depression symptoms of the MZ ‘‘A’’ twins sig-
niﬁcantlyinﬂuencethedepressionsymptomsoftheco-twins
(r = 0.41); the correlation is nearly twice that of the cor-
relations between the DZ twin pairs (r = 0.27). Similarly,
for MZ co-twins, depressive symptoms of one twin are
signiﬁcantly correlated with the avoidant attachment of the
brother and vice versa (r = 0.14 and 0.19); parallel
correlations for DZ twins are 0.09 and 0.02. Multivariate
twin analyses can most effectively disentangle the genetic
and environmental associations among these measures.
Stress 
Reaction
Depression Avoidant
Attachment
Anxious
Attachment
E1
E2
E3
E4
.30
(.22, .37)
Alienation
E5
.26
(.19 .33)
.22
(.15, .28)
.28
(.21, .35)
.68
(.63, .73)
.13
(.07, .19)
.10
(.04, .15) .71
(.66, .76)
.81
(.76, .86)
.11
(.06, .17)
.29
(.23, .36)
.00
(-.05, .06)
.66
(.61, .71)
.13
(.07, .20)
.77
(.72, .82)
Fig. 2 Standardized parameter estimates for unique environmental
factors. Cholesky factorization model depicting relationships among
unique environmental factors. CI Conﬁdence intervals; E1–E5 unique
environment factors. Rectangles represent the ﬁve measures in this
study; paths are represented as lines with arrows from circles (unique
environmental factors) to rectangles; standardized parameter esti-
mates and conﬁdence intervals are beside each path. All paths, with
the exception of the path between E2 and SR, are signiﬁcant. Unique
environment includes measurement error
Table 1 Sample demographics
Marital status
Married 80%
Divorced/separated 14%
Never married 6%
Education
BHigh school degree 43%
Some college 28%
CCollege degree 29%
Employment
Full-time 92.2%
Part-time 1.6%
Other (e.g., unemployed, retired) 6.2%
Occupation
Service/manual labor 39%
Small business/semi-professional 46%
Professional 15%
Ethnicity
Caucasian 89%
African-American 4%
Hispanic 3%
Other 4%
Median family income $60,000–$70,000
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Table 4 presents results of different multivariate models. In
comparison with the full ACE Cholesky (Model 2), models
assuming no genetic or environmental covariance across
measure (Model 3), and models with no genetic inﬂuence
(Model 4) ﬁt the data poorly. In contrast, shared environ-
mental effects were non-signiﬁcant (Model 5). Results
from the AE Cholesky Model (Model 5) are shown in
Table 5. Heritability was highest for Stress-Reaction
(0.50), depression symptoms (0.41), and Alienation (0.39).
The heritability of the attachment-related anxiety dimen-
sion (0.38) was somewhat greater than the heritability of
the attachment-related avoidance dimension (0.27).
Depression, attachment dimensions, stress-reaction and
alienation shared moderate-to-strong degrees of genetic
effects (Rg = 0.39–0.70). Attachment-related anxiety
showed stronger genetic overlap with depression and
measures of neuroticism than attachment-related avoid-
ance. Nonshared environmental factors accounted for the
majority of variance in each of the ﬁve characteristics
(50–73%). While nonshared environmental correlations
across variables were signiﬁcant, overall they were mark-
edly smaller than the respective genetic correlations
(Re = 0.14–0.46).
Several sub-models were then tested to develop a more
parsimonious explanation of the genetic and environmental
covariance structure using Model 5 as the comparison
model. Dropping either the genetic (Model 6) or nonshared
environmental covariance (Model 7) resulted in a signiﬁ-
cant decrease in ﬁt, indicating that both genes and envi-
ronments contribute to correlations across measures.
Similarly, assuming that genetic covariance across mea-
sures comes from a single underlying factor (Model 8) also
resulted in a signiﬁcantly poorer ﬁt. Because the attach-
ment dimensions were derived from the same scale, as
were Stress-Reaction and Alienation, we tested whether
allowing for correlation of measure-speciﬁc genetic factors
for these pairs of variables as well as a common genetic
factor improved model ﬁt. Model 10, which accounts for
additional genetic commonality between the two attach-
ment measures offered the best balance of parsimony and
goodness of ﬁt, judged by both the AIC and BIC, and the
non-signiﬁcant change in ﬁt (v(4)
2 = 4.97, p = 0.29). Fur-
ther attempts to simplify the structure of non-shared envi-
ronmental inﬂuences (E) in a similar manner led to worse
ﬁt (Models 11–13).
Figure 1 depicts the standardized genetic path coefﬁ-
cients linking the measures of attachment, depression, and
Stress-Reaction and Alienation from Model 10. Squaring
and summing the standardized path coefﬁcients for each
measure provides an estimate of the proportion of variance
accounted for by genetic inﬂuences. Common genetic
inﬂuences accounted for 32.5% of the variance in
Table 2 Descriptive statistics and phenotypic correlations
Measure Mean (SD) 1 2 3 4 5
1. Depression symptoms 8.13 (8.09)
2. Avoidant attachment 2.64 (1.05) 0.38
3. Anxious attachment 2.84 (1.09) 0.48 0.42
4. Stress-reaction 4.55 (3.78) 0.61 0.27 0.49
5. Alienation 2.53 (3.32) 0.54 0.29 0.43 0.50
Note. Means presented in this table are untransformed. All correla-
tions are signiﬁcant at p\0.001. N’s vary slightly 1,226–1,237 due
to missing or incomplete questionnaire data
Table 3 Cross-trait and cross-twin correlations for monozygotic (below the diagonal) and dizygotic (above the diagonal) twins
CES-D Avoidant attachment Anxious attachment Stress reaction Alienation
Twin A Twin B Twin A Twin B Twin A Twin B Twin A Twin B Twin A Twin B
CES-D: twin A 0.27 0.31 0.09 0.40 0.14 0.54 0.25 0.55 0.14
CES-D: twin B 0.41 0.02 0.47 0.05 0.54 0.24 0.68 0.24 0.63
Avoidant attachment: twin A 0.41 0.19 0.11 0.51 0.04 0.17 0.05 0.30 0.03
Avoidant attachment: twin B 0.14 0.34 0.27 0.12 0.45 0.17 0.35 0.15 0.39
Anxious attachment: twin A 0.45 0.29 0.34 0.17 0.15 0.43 0.11 0.42 0.05
Anxious attachment: twin B 0.21 0.50 0.16 0.45 0.36 0.19 0.46 0.19 0.46
Stress reaction A 0.56 0.41 0.31 0.16 0.46 0.26 0.26 0.42 0.15
Stress reaction B 0.32 0.62 0.15 0.21 0.33 0.49 0.54 0.22 0.51
Alienation A 0.52 0.32 0.29 0.11 0.38 0.20 0.48 0.30 0.25
Alienation B 0.16 0.47 0.16 0.22 0.21 0.40 0.31 0.54 0.34
Notes. Pearson correlations for monozygotic (MZ) twin pairs are below the diagonal; correlations for dizygotic (DZ) twins are above the
diagonal. Twins in a pair were randomly designated as the ‘‘A’’ twin or ‘‘B’’ twin. Signiﬁcant correlations are in bold numbers. All correlations
above 0.13 are signiﬁcant at p\0.05; correlations above 0.15 are signiﬁcant at p\0.01 or better. N’s vary slightly due to missing data for some
participants. N = 334–338 MZ pairs; 277–279 DZ pairs
Behav Genet (2011) 41:488–498 493
123depressive symptoms, 6.3% of the variance in attachment-
related avoidance, 17.6% of the variance in attachment-
related anxiety, 43.6% of the variance in Stress-Reaction,
and 21.1% of the variance in Alienation. We found sig-
niﬁcant measure-speciﬁc genetic factors for all measures
except Stress-Reaction. Measure-speciﬁc genetic factors
accounted for only 7.2 and 6.8% of the variance in
depressive symptoms and Stress-Reaction, respectively. In
contrast, measure-speciﬁc genetic factors accounted for
modest proportions of variance in Alienation (16.0%),
attachment-related avoidance (19.4%) and attachment-
related anxiety (21.1%). Measure-speciﬁc genetic factors
inﬂuencing the attachment dimensions were also moder-
ately correlated (Rg = 0.41). Nearly all (81.7%) of the
total genetic variance in depressive symptoms and Stress-
Reaction (86.6%) was accounted for by the common
Table 4 Multivariate genetic model comparisons
Model number Model -2LL k
a v
2 df p Model comparison AIC BIC
1 Saturated model 10149.50 110 – – – – – –
AC E
2 Ch Ch Ch 10227.36 45 77.87 65 0.13 1 -1800.64 -14186.34
3 S S S 11757.78 15 1530.42 30 0.00 2 -330.22 -13517.41
4 0 Ch Ch 10261.62 30 34.26 15 0.003 2 -1796.38 -14217.35
5 Ch 0 Ch 10235.23 30 7.87 15 0.93 2 -1822.77 -14230.54
6 S 0 Ch 10373.39 20 138.16 10 0.00 5 -1704.61 -14193.56
7 Ch 0 S 10539.62 20 304.39 10 0.00 5 -1538.38 -14110.44
8 F* 0 Ch 10247.61 25 12.38 5 0.03 5 -1820.39 -14240.40
9F *
b 0 Ch 10246.74 26 11.52 4 0.02 5 -1819.26 -14237.63
10 F*
c 0 Ch 10240.19 26 4.97 4 0.29 5 -1825.81 -14240.90
11 F*
c 0 F* 10282.95 21 42.76 5 0.00 10 -1793.05 -14235.57
12 F*
c 0F *
c 10258.29 22 18.13 4 0.00 10 -1815.71 -14244.69
13 F*
c 0F *
b 10278.19 22 38.00 4 0.00 10 -1795.81 -14234.74
A Genetic inﬂuences; C shared environment; E unique environment; Ch Cholesky decomposition; S speciﬁc factors only; F common factor only;
F* common factor plus speciﬁc factors; 0 variance structure omitted from model; AIC Akaike’s Information Criterion; BIC Bayesian Information
Criterion
a Model parameter (k) excludes parameters estimated for means (20 means)
b Extra parameter to account for genetic (or unique environmental) commonality between neuroticism measures
c Extra parameter to account for genetic (or unique environmental) commonality between attachment measures
Table 5 Heritability estimates, genetic correlations and environmental correlations from the AE Cholesky model (Model 5)
12345
Genetic variance: Rg
1. Depression symptoms 0.41 (0.32, 0.48)
2. Avoidant attachment 0.48 (0.30, 0.64) 0.27 (0.18, 0.36)
3. Anxious attachment 0.58 (0.43, 0.70) 0.58 (0.41, 0.72) 0.38 (0.30, 0.46)
4. Stress-reaction 0.83 (0.73, 0.92) 0.39 (0.21, 0.56) 0.65 (0.52, 0.77) 0.50 (0.43, 0.57)
5. Alienation 0.70 (0.58, 0.82) 0.47 (0.27, 0.65) 0.53 (0.37, 0.67) 0.67 (0.55, 0.78) 0.39 (0.30, 0.47)
Unique environmental variance: Re
1. Depression symptoms 0.59 (0.52, 0.67)
2. Avoidant attachment 0.33 (0.24, 0.43) 0.73 (0.64, 0.82)
3. Anxious attachment 0.35 (0.26, 0.43) 0.46 (0.39, 0.54) 0.62 (0.54, 0.70)
4. Stress-reaction 0.31 (0.22, 0.39) 0.14 (0.04, 0.23) 0.25 (0.16, 0.34) 0.50 (0.43, 0.57)
5. Alienation 0.34 (0.25, 0.42) 0.22 (0.12, 0.31) 0.27 (0.17, 0.35) 0.30 (0.21, 0.39) 0.61 (0.53, 0.70)
Note. Heritability estimates presented in bold text on diagonals of the top half of the table. Proportion of variance due to unique environmental
factors presented in bold text on diagonals of the bottom half of the table. Genetic correlations (Rg) and unique environmental correlations (Re)
across variables presented in off-diagonals of the top and bottom half of the table (respectively). 95% conﬁdence intervals in parenthesis
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123genetic factor. In contrast, the majority (75.6%) of genetic
variance in attachment-related avoidance was due to the
measure-speciﬁc genetic factor that was partially shared
with attachment-related anxiety. Genetic variance in
attachment-related anxiety, in contrast, was more evenly
divided among common (45.5%) and measure-speciﬁc
genetic factors (64.5%), as was the genetic variance in
Alienation (56.9% common, 43.1% measure-speciﬁc).
Figure 2 presents the nonshared environmental covari-
ance structure from the Cholesky decomposition in Model
10; only one parameter estimate was not statistically sig-
niﬁcant. Although the signiﬁcant parameters indicate that
there is some degree of overlap of nonshared environ-
mental factors, overall—unlike the genetic effects—most
of the effects of nonshared environment were measure-
speciﬁc. For instance, squaring the path coefﬁcients from
E1 to the CES-D shows that nonshared environmental
inﬂuences accounted for 59% of the variance in depressive
symptoms. The E1 factor, however, account for only 9% of
the variance in attachment-related avoidance, 6.8% in
attachment-related anxiety, 4.8% in Stress-Reaction, and
7.8% in Alienation. Similarly, nonshared environmental
inﬂuences on (path E2) account for 66% of the variance in
attachment-related avoidance but only 8% of the variance
in the anxious attachment dimension. Thus, there are
measure-speciﬁc nonshared environmental factors that
inﬂuence each characteristic with minimal inﬂuence on
other characteristics.
Discussion
Estimates of genetic contributions to the attachment-related
anxiety dimension (38%) were comparable to those in
previous studies (Brussoni et al. 2000; Crawford et al.
2007a, b; Donnellan et al. 2008; Torgersen et al. 2007).
This suggests that genetic and environmental contributions
to anxious attachment may be robust across different
populations and measures. Notably, consistent with Don-
nellan et al. (2008), we found modest but signiﬁcant
genetic contributions to the attachment-related avoidance
dimension (27%). Unlike Crawford et al. (2007a, b) and
Brussoni et al. (2000), we saw no evidence supporting the
role of common environmental inﬂuences (e.g., possible
inﬂuences from childhood exposure to parents) on dimen-
sions of adult romantic attachment. Attachment theory
tends to focus on the role of family or social environment
in shaping attachment style. However, by midlife, unique
experiences in different romantic relationships may be
more consequential for the twins’ attachment. Estimates of
heritability for depression symptoms and indices of nega-
tive emotionality were also largely comparable to those in
previous research (range 0.39–0.50).
Virtually all of the genetic covariance between the
attachment dimensions, depressive symptoms, and negative
emotionality is accounted for by a common genetic factor,
with highest loadings for depressive symptoms and Stress-
Reaction. This common genetic factor is consistent with
previous work that found a non-speciﬁc ‘‘genetic distress’’
factor linking anxiety and depression (Kendler et al. 1987a,
b). Our results also support prior research showing genetic
overlap between continuous measures of anxious attach-
ment and measures of neuroticism (Crawford et al. 2007a,
b; Donnellan et al. 2008). This is consistent with ﬁndings
that depression, neuroticism, and relationship difﬁculties
have shared risk factors in men (Kendler et al. 2006a, b).
Importantly, the present study supports the view that
dimensions of attachment-related anxiety and avoidance
are only partly overlapping constructs and that they are also
distinguishable from depressive symptoms and personality
traits such as negative emotionality. First, the heritability of
attachment-related anxiety was somewhat higher than the
heritability of the attachment-related avoidance dimension.
Second, both attachment-related anxiety and avoidance
showed measure-speciﬁc genetic inﬂuences which were
only partially overlapping (Rg = 0.41). Third, patterns of
correlations with depressive symptoms and indices of
neuroticism varied across attachment dimension. Speciﬁ-
cally, the Cholesky results showed a greater overlap of
genetic factors (Rg) with attachment-related anxiety com-
pared to attachment-related avoidance (Rg = 0.53–0.65 vs.
Rg = 0.39–0.48). Similarly, from our best-ﬁtting model,
only a minority of the genetic variance in attachment-
related avoidance (24.4%) was due to common genetic
factors which also inﬂuenced the other measures; in con-
trast, these common genetic factors accounted for nearly
half (45.5%) of the total genetic variance in the attachment-
related anxiety measure. Finally, the complex pattern of
unique environmental correlations suggests little overlap in
the types of experiences that contribute to the development
of relational difﬁculties or psychological distress.
Previous twin studies on adult romantic attachment vary
widely in measures used to assess attachment, sample
sizes, and composition of the samples (e.g., age, gender).
Despite this variability, results for measures assessing
anxious romantic attachment appear to be fairly consistent
across adult twin studies. Although evidence for the role of
genetic and environmental inﬂuences on attachment-rela-
ted avoidance in romantic relationships is mixed, one
consistent ﬁnding is the heritability of avoidance is lower
than the heritability of attachment-related anxiety. One
explanation may be that attachment-related avoidance is
less strongly rooted in temperament than attachment-rela-
ted anxiety. This is supported by the fact that correlations
between measures of neuroticism and attachment-related
anxiety tend to range from 0.4 to 0.5 while associations
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123between attachment-related avoidance and personality
measures tend to be much lower (*0.2 to 0.3) (Noftle and
Shaver 2006). The lower heritability does not seem to be
due to measurement error; since the internal consistency
estimates, means, and standard deviations for both mea-
sures are roughly equivalent. The dismissiveness and
detachment of attachment-related avoidance may reﬂect a
learned coping mechanism for dealing with exposure to
particularly untrustworthy relationships. By being dismis-
sive and emotionally distant in relationships, avoidantly
attached adults may be less likely to have opportunities for
positive relational experiences that might moderate or
mediate their avoidance.
Limitations
This study uses a large sample of predominantly white non-
Hispanic men; we do not know whether our results gen-
eralize to women or other ethnicities. However previous
twin studies included very few men. Another limitation of
this study was the use of a self-report measure of adult
romantic attachment. Child and clinical studies of attach-
ment generally use intensive lengthy interview or obser-
vational methods. Although the Experiences in Close
Relationships Inventory is one of the most commonly used
self-report measures of adult romantic attachment and has
been validated in many studies, it may be that using a self-
report measure rather than an interview to assess attach-
ment increases the likelihood of ﬁnding genetic covariance
with self-report measures of anxiety or depression. Other
researchers have found associations between attachment
dimensions and ‘‘big ﬁve’’ personality traits such as
extraversion. Because our speciﬁc focus was on differen-
tiating attachment dimensions from depression symptoms
and measures reﬂecting ‘‘neuroticism,’’ we did not examine
the role of other personality traits such as extraversion,
openness-to-experience or conscientiousness (Noftle and
Shaver 2006). Finally, our results are uninformative about
the nature of environmental and genetic inﬂuences on
earlier (i.e., infant or childhood) attachments or on
attachment relationships with other signiﬁcant adults. We
do, however, focus on an understudied developmental
transition period—middle age.
The unique contribution of this study is the ﬁnding that
dimensions of attachment are not interchangeable with each
other or with other measures. Other, related, research shows
that knowledge of an individual’s problems with attachment
contributes valuable additional information over and above
depression symptoms or negative traits. Conradi and de
Jonge (2008) for instance, found worse outcomes across
3 years for anxiously attached depressed patients compared
with depressed patients with other attachment styles.
Behavioral patterns involving emotional disengagement
from and wariness about intimate others (i.e., attachment-
related avoidance) may become more consequential with
aging when more assistance is needed from others or when
loved ones become unavailable (Franz and White 1985).
Further, depressive symptoms increase between the ages of
60 and 80 in men, and are associated with greater risk for
suicide especially when accompanied by social isolation or
anxiety (Gonda et al. 2007; Wiktorsson et al. 2010). We
predict greater morbidity and mortality among older men
with tendencies to be avoidantly attached, especially if
accompanied by depressive symptoms.
This research also shows that environments strongly
inﬂuence whether we feel connected to (or disconnected
from)intimateothers.Futureresearchneedstoidentifywhat
environmental inﬂuences across the life course are most
consequential for relational well-being. Genetically infor-
mative longitudinal studies on dimensions of relational
attachment can help to illuminate the role of relationship-
based risk and resilience factors in healthy aging (Bifulco
etal.2002a,b;O’Connoretal.2000;Shaver andMikulincer
2004) and contribute to the development of effective inter-
ventions for older adults. With the longitudinal data being
collected in the VETSA study, we will be able to examine
questions such as whether genetic and environmental
inﬂuences vary as a function of age, how attachment medi-
ates the impact of particular life experiences in later life
(e.g., bereavement, changes in marital status, caregiving,
health problems, retirement), and what types of experiences
are most likely to inﬂuence attachment.
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